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PREFACE

This Report

This report contains a contract report plus a peer review of it. Transfund commissioned Opus
International Consultants Ltd, Palmerston North to undertake a scoping study and then -
commissioned Beca Carter Hollings and Ferner Ltd, Auckland to undertake a peer review of
Opus’ report. Both are reproduced here. ,

The purpose of producmg this report is to provide documentation of this pioneering work.

- This report is intended only for those with a genuine interest in following the development of

the methodology. It will not be publicised widely, but will be made available on request.

 Transfund is not bound by anything in this report. It does not necessarily agree with its

contents.
Background

Since February 1995, Transit New Zealand and now Transfund New Zealand has been
developing a methodology for the safety audit of existing roads. Transit reported the early
work in its reports RA95/434S “Safety Audit of Existing Roads. Review of Process
Development and Initial Implementation” and RA95/463S “Safety Audit of Existing Roads.
Draft Procedures. February 1996”.

Reports as Performance Measures

The reports of these audits make a number of recommendations and each recommendation
has a risk rating assigned to it. Transfund’s Review and Audit Manager, Peter Wright, -
proposed that these audit reports might be used as measures of the performance of the road
controlling authorities whose roads were audited. The performance measure might be based
on the number of recommendations made and their risk ratings. In this way, the performance
of different authorities mi ght be compared, and the performance of an authority over time -
might be measured.

Some potential problems were immediately obvious. These were:

e The audits are conducted teams of three or four people. There is no guarantee that one
team will arrive at exactly the same conclusions as another team might.

o The risk ratings assigned to each recommendation are not based on objective data. They
are subjective judgements. Again, there is no guarantee that one team will make the same
Judgements as another.

e The way the audit reports are written is crucial. Some teams might group four
recommendations into one, while another team might leave the same four
recommendatlons as four.
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~ The Scoping Study

| Desp1te these potent1a1 problems, Transfund comm1ssmned a scoping study to explore the -
feas1b1hty of using these audit reports as perforrnance measures. -

We consider that the results of the scoping exercise, reported here are sufﬁcrently
encouraging to warrant further work. At the time of writing this preface, terms of reference
for the continuation of this work are bemg drafted. They are likely to 1nclude

e The creation of database of report recommendatlons and risk levels The purpose of the —

database will be to give gurdance to future audit teams on the combined Wrsdom of past
" teams: The database should be able to provide an ¢ average ’ risk level for certain features
- or deficiencies; -

e The definition a fixed format for report wntmg ‘This will ensure cons1stency of frammg .

recommendatlons and

e The continuation of the development of the performance measures taklng 1nto account the ,

findings of the peer review.
Feedback

If readers have any comments on the methodolo gy and 1ts development descnbed in th1s
report, then please send them to: - » '

~ Ian Appleton :

Safety Audit Manager
Transfund New Zealand
P O Box 2331
Wellington

New Zealand

23" April 1998
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Executive Summary

~ This report introduces safety performance measures to enable comparison between safety audits. The safety

performance measures could be used to enable a road controlhng authority to compare its performance on
successive audits and to compare its performance against other road controlling authorities.

A safety performance index SP1 is proposed, where:

SPI=[Y RWI.E

and the risk weighting RW are:

Risk Level Low Medium High Urgent

Rw 1 . 10 100 750

and the exposure E= 1.00

Exposure for Safety Audits is defined as the length of time a road network is “exposed” to a Safety Audit
team. This should not be confused with the project evaluation manual definition for exposure.

A safety performance ratio was developed as a method of directly gauging the performance of a road
controlling authority against other authorities that have been audited in that year. A safety performace ratio

SPR is proposed, where:

spr=S1
675
ppoSPL
“75

The above equation is based on the average safety performance index for 1996 being 675. This figure may be
adjusted in future years following the completeion of additional safety audit reports.

Safety perforn'zancé ratios above 1.00 indicate poorer than average performance. Values less than 1.00 indicate

a better than average performance.
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De\:lelopmeni of A Safety Performance Index for Safety Audits
" on Existing Roads : Discussion Document :

1.

L1

1.2

Introduction

A meeting of Safety Auditors was held by Transfund New Zealand on 10 December 1996 to discuss
_ standard report formats for Safety Audits on existing roads. It was agreed at this meeting that a
safety performance index be developed to summarise the findings of safety audits undertaken for road -

controlling authorities. The safety performance index could be used to enable a road controlling
authority to:

L] compare its performance on successive reviews

. compare its performance against other road controlling authorities

The safety performance index proposed is based on the number of safety problems made in a safety
audit report, times the assessed level of risk attributed to each safety problem. The safety performance
index for an individual report can then compared with the safety performance index of other safety
audit reports to measure how well an authority is performing. ‘
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v Devélopment of A Safety Performance Index for Safety Audits
-on Existing Roads : Discussion Document ’

2. Objective

21 The objective of this report is to establish a Safety Performance Index, ‘enabling a comparison to be

made between safety audits of existing roads.

2.2 The Safety Performance Index will:

enable a road controlling authorities performance to be compared in successive audits,

_ enable a road controlling authority performance to be compared against the performance of -

other similar authorities,

be robust enough to withstand the personal influence of individual audit teams and their 7

assessment of risk,
be adaptable to changes and development of safety auditing procedures,
be simple to comprehend and use, for auditors and the target audience,

be a fair and meaningful representation of the road controlling authorities safety
performance,

be suitable for use by state highway regions, rural road controlling authorities and urban

road controlling authorities, and

will comply with Transfund New Zealand Safety and Economic Assessment guidelines and
philosophy. '
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Development of A Safety Performance Index for Safety Audlts
on Emstmg Roads : Discussion Document :

3.

3.1

3.2

3.3

3.4

3.5

Methodology

The safety performance index SP1 is defined as:

. SPI=[Y_ RW].E

where RW is the risk weighting given to the safety 'problems identified during the aduit and
E is the exposure (or amount of time spent on the audlt)

The development of risk weighting is discussed in Section 4. The development of exposure is
discussed in Section 5.

The safefy performance index provides a method by which a road controlling authority can use to
measure its performance in successive safety audits or against published results from other audits. -

- Further development of a database.of reports will enable Transfund New Zealand to ahalyse trends
in the Safety Performance Index over successive years. ‘ '

To enable the safety performance index to be compared with other safety audits, a safety performance

ratio SPR has been defined as:

spr=311

SPI

Where SPI is the average safety performance index

- The average safety performance index is calculated from the total number of safety audits completed in

prev1ous years and it is proposed that it will be published annaully by Transfund New Zealand.

SPC319.0002PC\DISC2.DOC\ April 1998
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Development of A Safety Performance Index for Safety Audits
on Existing Roads : Discussion Document '

4. Risk Weighting

41 Avisk weighting is a numerical value allocated to the apparent risk to road users of each safety
problem. '

42  The level of risk of each safety problem follows the four categories defined in Appendix Il of
Transfund New Zealand’s “Safety Audit Procedures for Existing Roads, Draft Proceedures”, as
summarised below;

Probability
Severity | Frequent Probable Occasibnal Re_rhote : .rlmprobable
Catastrophic i URGENT |
Critical HIGH RISK
Major ‘ MEDIUM RISK
Minor 7 ' LOW RISK
Negligible

Table ; Safety Audit Risk Levels

4.3 Hazard probability is defined in the “Safety Audit Procedures for Existing Roads” as:

Probability Description
Frequent Likely to occur frequently (once/year)
Probable Likely to occur more than once (onbé/S years)
Occasional Likely to occur at some time (once/10 years)
Remote . - Wil rarely occur (7-10 years) |
‘lmprobable | Unlikely that the occurrence may never be experiénced

Table: Hazard Probability

4.4 Hazard severity is defined in the “Safety Audit Procedures for Existing Roads” as:

5PC319.0002PC\DISC2.DOC\ April 1998
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Development of A Safety Performance Index for Safety Audlts :

‘on Exnstmg Roads : Dlscussum Document : . R . ] 8
Category : A Desbription
Cétastrophic Will cause multiple fatalities
Criijcal | Likely to cause a fatality
Major : Could possibly cause a fatality
Mi'n_or Could céuse seridus injury
Neglbigible ‘ ‘ | Not likely to cause serious injury

45

4.6
4.7

4.8

- 49

-4.10

411

412

- Table: Hazard Severlty

To enable the safety performance mdex to be calculated, we tested a range of risk wezghtmgs assigned
to the various risk levels to determine a suitable set of weightinigs to be adopted for future audits,

" The testing was completed using the findings of seven 1996 Transfund New Zealand safety audits.
- While it would have been desirable to use more reports, it was considered that the earlier audit
reports were developmental and did not have the consistent format of the more recent reports.

" Using the original safety audit on existing roads checklists, a list of safety audit items was used to

prepare a risk weighting calculation sheet. The list was expanded to include add_itional common

problems identified in the reports. (Refer to-the risk weighting calculation sheet in Appendix E).

The calculation sheet recorded the general problems, assessed risk and cross references for each item
identified in the safety audit report. The total risk weighting was calculated using the number of

identified safety problems and not the number of recommendations. This is because some

recommendations addressed two or more general problems.

Risk weightings were assigned to each éafety problem based on the perceived risk to road users. The

following range of tests risk weightings were used to trial the calculations, and test for s'éns‘itivity. —

_Ris‘k N | : - Test

level A B | ¢ D E F | a
Low | 1 1 T T T T B
Medium | 2 | 4 | & | 8 10 10 | 10
Hgh | 5 10 | 25 50 75 100 100
urgent | 10 |25 | 100 200 500 | 750 | -1000

~Table : Test Values for Risk Weightings

We assumed low risk levels always had a risk weighting of 1. Test G, was determined from the Transit ‘

New Zealand Project Evaluation Manual ratio of accident costs where Fatal = Urgent Risk, Serious =
High Risk, Minor = Medium Risk and Non Injury = Minor Risk.

Test F, used the Transit New Zealand adjusted severity cost for combined fatal and serious accidents
for urgent risk. High, Medium and Low Risk were the same as test G.

Test A through to E where subjective assessments to test the sensitivity of the results They were based
on our oplmons of possible relationships of risk wezghtmgs

5PC319.00:2PC\DISC2.DOC) April 1998
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Development of A Safety Performance Index for Safety Audits

on Existing Roads : Discussion Document

412

414

415
- in the above comparison do not contain a large number of high risk or urgent safety problems. Hence

416

4.17

4.18

4.19

It is important that the finally selected range of risk wezghtmgs provide suff1c1ent emphasis to the high
risk and urgent safety problmes so as to encourage road controllmg authorities to address those safety
problems most likely to cause crashes. However, equally important is the need to not overlly penalise

- an authority when only one high risk safety problem is identified.

The results of the test 7isk weightings are summarised in Appendix B. They show that:

. The relative rankings (best to worst) of all authorities used in this study was ihdepehderit
of the risk weighting adopted.

. The test values F & G tended to exagerate the difference between audits:
The results of the testing must be treated with caution, however, as the results of the seven aﬁdits.used

we chould not be too surprised that the different test risk wezglztmg scenerios did not lead to different
answers in this particular case.

In our opinion Test F or Test G are the preferred risk weighting, as they are based on existing Transfund
. New Zealand accident costings and reflect the importance placed on preventing serious and fatal

accidents.

The'higher ratings also give the auditor a numerical indication of the importance of the higher risk
levels when assessing risk gradings for recommendations and may influence his decision on what risk
level to apply to a problem. '

Test risk weighting F provides the softer results for a urgent risk recommendation and it provides a
better balance between a hlgh number of “High” risk recommendations and one urgent
recommendation.

We therefore recommend the adoption of test value F at this stage as it moderates urgent risk sc.;vores.‘
However, this recommendation deserves further discussion before being finalised.
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Development of A Safety Performance lndex for Safety Audits '

on Existing Roads : Discussion Document , o o : : . 10
5. Exposure
For simplicity we have assumed that the exposure for each safety audit is the amount of time spent on

5.1

5.2

5.3

~ each audit. It is the amount of time that the team is “exposed” to the road network. This should not -

be confused with the way it is used in the Transit New Zealand “Project Evaluation Manual” In the )

_ Project Evaluahon Manual exposure it defined-as the risk of having an accident measured by the

number of vehicle kilometres travelhng on a section of road per unit of time' (year)

It is our view that all Transfund New Zealand audits of existing roads are the same. Eachaudit has a
team of four people who travel a road network for 3 days, including 2 night drives. Each aucht has: “

' mtroductory brief and an exit meeting. All of the seven audits involved Dr Jan Appleton, who

provided a moderatmg overview of results. If we agree that this is constant, then each report is
exposed to the same level of audltmg, and in such cases the exposure for Transfund New Zealand
safety audits of existing roads: is 1.00.

In future however, exposure may vary depending on Whether the audit is for an urban or rural area or' o

is for penods shorter or longer than the standard 3 days

5PC319.002PC\DISC2:DOCA April 1998
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Development‘of A Safety Performance Iindex for Safety Audits

on Existing Roads : Discussion Document - ’ 11
6. Application
6.1 A draft paper “Procedures to Determine Performance Measures for Safety Audits on Existing Roads”

in Appendix E has been prepared with a view to be included in the final “Procedures for Safety
Audits on Existing Roads”.

6.2  The Risk weighting calculation worksheet would be completed by the safety audit team leader and
results discussed in the safety audit report. Explanation of the safety performance index and safety
performance ratio would be required for the road controlling authority to understand the implications in
terms of their road network.

6.3 Completing the worksheet could also serve as a final reminder of general issues relating to the audit
that may have been overlooked. It may also provide guidance for listing the general '
recommendations in the report. '

6.4  The safety performance index is proposed which provides an indication of the overall safety performance
of a road controlling authority, and is given by: '

SPI=[Y_ RW].E
Where the risk weightings RW are:
risk level risk weighting

Low 1
Medium 10
High 100
Urgent 750

" And the exposure is to be taken (for the time being) as E = 1.00

6.5  The safety performance ratio is the ratio of the safety performance index to the average of the safety -
performance index for all of the safety audit reports, and is given by:

spr=S1
675

6.6  The above equation is based on the average safety performance index for 1996 being 675. This figure
may be adjusted in future years following the completeion of additional safety audit reports.

6.7 A safety performance ratio above 1.00 indicates poorer performance compared to average. Below 1.00
indicates better than average performance. . '

6.8  Benefits of these calculations are:

5PC319.002PC\DISC2.DOC\ April 1998 . - 7] '
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" Development of A Safety Performance Index for Safety Audits .

on-Existing Roads : Discussion Document » 12

6.9

6.10

6.11.

® - They fit in well with work to date on the draft safety audit on existing road procedures (ie.
numerical risk welghtmgs for assessed risk levels).

. The risk weightings quantify the relative importance of risk to road users of a safety problern and -

hence i mpor tance.

‘o The results can be expanded to mclude future reports without affectmg the performance of

previous years.

. A average risk weighting for each safety problem can be assessed giving guidance to audltors
- “when assessing risk-levels.

®  The Risk Weighting Calculatlon Sheet is relatively easy to use and can also be used as a prompt
' list for the auditor as a check as they write the report.

° The proceedure can be extended to mclude safety audits which are longer or shorter than the
' standard 3 day audits.
o The results appear to be meaningful and can be analysed and commented on easily. (Refer to

Section 7 : Discussion of Results)

Disbenefits of the process are:

- ® - The results still depend on auditors opinion of safety issues and risk assessment. .Though this

‘may be reduced by publishing results and through Dr Ian Appleton s continuing overview.of
audit results.

e The initial sample of 7 projects is not big enough to establish a true populatlon mean.. This

would take several years to achieve.

_One of the limitations of the above proposed safety performance index is that it does not include

empbhasis or apply weight to areas of New Zealand that are most likely to benefit from improved

* safety. Itis clear that a urgent safety problem is more important (in terms of resucing crashes) if it is

on 8H1 than if it is located on a low volume rural road. While the proposed method could be further
developed to incorporate this, it is considered to be beyond the scope of this present study.

A further limitation of the proposal is that it does not recognise that the topography varies

significantly throughout the country. Itis clear that areas with hilly or mountainous terrain are hkely :

to have significantly more safety problems than areas with a flat terrain. Similar differences will occur
with urban and rural areas. It maybe p0551b1e to ad]ust the safety performance index in the future to

~ account for these effects. However, more audit reports will be required before thse adjustments can be

made.
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Development of A Safety Performance Index for Safety Audits
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7.

7.1

7.2

7.3

Discussion of Resulls

Based on test value F, the following results were obtained from the calculations (refer Appendix C & 7

D).

Audit Number of | Average Safety Safety
General Risk Performance Performance
ltems Weighting Index Ratio
East Waikato (SH) 23 39.39 906 | 1.08
Northland (SH) 25 16.48 412 | | 0.45
Central Otago (SH) 17 | 10.53 179 0.29
Rodney 18 54.11 - 974 1.49
Auckland . 18 70.11 1262 1.93
Manakau 15 20.20 303 0.56
Christchurch 14 49.29 690 1.36
Total Population 130 36.35 675 ' 1.00
_Sfa'ndard Deviatidn - N/A N/A 3965 - 0.61

Table : Summary of Test Value C Results

From the results the following general observations can be made:

Central Otago (SH) had the best overall safety performance index and safety performance ratio due to
the low number of items identified with low average risk weighting.

Manukau City also had lower overall scores and was the best of the urban results.

Auckland City had the poorest overall safety performance index due to the higher than average
number of items identified with high and urgent risk weightings.

Northland and State Highways did have a high number of items identified, but the risk
weighting for each item was very low. This resulted in a good overall safety performance index.

Christchurch City had a low number of problems with high average risk weightings, resulting in
a higher than average safety performance index.

Rodney District had poor safety performance index due to.a high number of problems identified -
with average weighting. Rodney did record a urgent score for not safety auditing projects.

East Waikato recorded a high number of items with low risk weighting resulting in a safety
performance ratio about the average. ’

Analysis of the results of all seven audits can give an indication to average risk weighting for each item
identified in an audit (refer the graphs in Appendix D). The first graph in Appendix D provides the
national average risk weighting for each item plus how many times each item was recommended in the

5PC319.00\2PC\DISC2.DOC\ April 1998 %‘1
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Development of A Safety Performance Index for Safety Audits . )
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seven 1996 reports. The following patterns can be identified:

. problems with the urban/rural interface were identified 5 times with an average rzsk
weighting of 5 (low to medium r1sk)

*  problems with warning signs where identified with an average rzsk wezghtzng of 11
(medium risk).
. problems with destination signs where identified 6 times with an average risk weightirg of B

3 (low risk).

. problems with lighting were identified six times with an average risk weighting of 34
(medium to high risk).

. problems with advertising were identified five times with an average risk weighting of 44
(medium to high risk). ‘

i the average risk weighting for the population is 36 based on 1307id:entified items. -

7.4  Further study of the database may lead to identification of national issues requiring attention or
information to aid auditors in assessing risk levels and hence risk zveightings.

7.5  The values and results will become more rehable as the database is expanded Addmg more reports to
the database will not effect the safety performance index.

7.6 The graphs can be used as a management tool to assist roading managers to practise safety and
deétermine areas of weakness in comparison with national results. The identified p}obléms for each
roading authority can be compared to the national average for each item. For example, hazard

"marking or the application of destination signs. ' '
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Development of A Safety Performance Index for Safety Audits
on Existing Roads : Discussion Document

8. Recommendation

8.1 Itis recommended that a safety performance index SPI be adopted, where:

SPI=[Y  RW].E
and the risk weightings RW are:
risk level Low Medium High. Urgent
RW 1 10 100 750

and the exposure E=1.00

8.2  Itis also recommended that a safety petformace ratio SPR be adopted, where:

SPR:_S_PI
675
8.3 Itis further recommended that:
. this report be peer reviewed and refined ‘
. the revised report be circulated to a sample of safety audit team leaders and affected

parties of safety audits on existing roads for their comment
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Safety Audit on Existing Roads: Deve

lopment of Safety Performance Index.

| ,

RISK LEVELS -
J‘EWaikalolNonhland Cent. Otagol Rodney’ LAuckland ‘ Manukauj@ﬁslchurch] total
1 A"Q”"“."‘”” Horizontal 0 0 0 0 0 0 0 0
Environment Vertical med | high | 0 . | 0 0 0 0 2
Urban/ Rural interface low low low med 0 __med Q 5
2 |[Pavement Width Lanes 0 0 0 0 0 high 0 1
- high . .
Shoulders med low low 0 0 0 0 4
3 ||Delineation med
med med
Warning signs high | med med " med med
Information signs - low 0 low 0 0 3
Regulatory signs 0 0 0 low 0
Destination signé low | low low low med low 0 6
Road name signs 0 low 0 med - med low med 5
Hazard markings 0 med med 0 urgent 0 0 3
Edge marker posts med low med high 0 0 0 5
med ‘ ;
RRPMs high 0 low 0 high 0 0 3
- med
_Pavement Marking 0 0 0 med - med high 0 4
4 lLevel of Service
Overtaking opportunities 0 0 0 0 0 0
Passiﬂ lanes 0 0 0 0 0 0
Property access - 0 0 med med 0 2
. Speed Limits 0 low [¢] 0 med-| QO 0 2
5 |[Road Side . B ]
Hazards Advertising low | med | med 0 high 0 high ‘5
Clear zones 0 0 0 med ' 0 0 0 1
Drains _ med | high 0 0 0 0 0 -2
Poles/ pbjects 0 med low med med 0 high 5
Banks / cliffs- 0 0 0 0 0. 0 . 0
Culverts med 0 med 0 0 2
Bridges high med o} 0 0] 2
6 |[Intersections ) ) med med Co
Form 0 0 low 0 med med high 6
Conspicuity 0 0 0 0 0. 0 0 0
Control high | low low med 0. med med
low :
Traffic signs low low 0 0 3
Markihgs 0 low 0 0.
Sight distance med 0 o] -med 2
7 ||Road users low
Pedestrians med med’ ‘med
Cyclists 0 - med low
Other 0 0 0 0 0 0 0
| © e | e | | mea | et | _med |
med | med med med high med med _. 8
9 |IMaintenance / med | med
General Works med low
Surface condition high | med med 0 0 0 med 8
Shoulder condition 0 med 0 0 0 0 1
Side slopes 0 0 0 0 -0 0 0
Clear zones 0 0 0 0 0 0 0 0
Vegetation 0 low low 0 0 0 0 2 .
Guard railing 0 0 0 0 0 0 0 0 -
Drainage high low 0 0 0 0 0 2
10" ||Maintenance/ :
signs and Pavement markings 0 med 0 0 0 med high 3
RRPMs low 0 low 0 0 0 high_ 3
Edge marker posts med | 0 med 0 0 0 0 .2
Signs low | 0 0 0 0 0 0 1
|11 J[Road works lhish I 0 [ high | o [ hion | o | o I 3
18 JOthers: special Lo T o [ o lugent| med | med | o ]| s
‘ [Total B3 5 Jiz J1i8 |18 [15 Ji4 130 |
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Safety Audit on Exnstmg Roads Development of Safety Performance Index.
RISK WEIGHTING COMPARISONS -

3

=

7

8 —I total |

L1 [ 2 | [ 4 |
o E Waikato] Northiand] Gent. Otago| * Rodney | Auckiand | Manukeu |cChristohurch]| I
T J[Afignment/ Horizontal - 0 0 o | o o | o | o 0
Environment © v pical 10 {100 | o 0. 0 0 0 110
. - Urban/ Rural mten‘ace 1 1 1 10 0- 10 0 23
2 |PavementWidth | anes 0 0 0. | o 0 100 0 100
: Shoulders 10 | 101 1 0 0 0 0 112
|8 ||[Pefineation ~ Warning signs 100 | 10 0 20 | 10 0 300 | 170 -
Information signs 1 0 0 1 0 0 0. 2
Regulatory signs 0 0 0 0 1 o 0
Destination signs 1 1 1 1 10 1 0 15
Road name signs o | 1 | o0 10 10 |1 10 || 32
Hazard markings o | 10 10 o. | 750 | o 0 770
Edge marker posts 20 1 10 100 0 0 0 131
RRPMs ' 700 1 0 | 100 | 0 201
- » Pavement Marking 0 0 0 10 20 100 | o || 130
4 /|[Cevel of Service : - . ) ;
) Overtaking opportunities L ) 0 0 0
Passing lanes 0 0 0 .0 0 "
Property access o | o 0 10 . 10 0 20.
~ Speed Limits o | 1 0 10 0 o I 11
5 |[Road Side Advertising 1 [ 10 | 10. 100 o | 100 | 221
' Clear zones - 0 0 0 10 o o | o || 10
Drains 10| 100 0 0 0 0 110
Poles/ objects 0 10 1 10 10 0 . 100 131
Banks / cliffs - 0 0 0 0 0 0 0
Culverts 10 | o 0 10 .| 0 0 | o 20
Bridges 100 0 10 o |l o Q 0 110
©_|ntersections Form o | o 1 10 20 | 210 || 241
Conspicuity 0 0 0 0 0 0 0
* Control 100 | 1 1 10 0 10 10 132
Traffic signs 0 2 0 1 0 0 .3
Markings 0 0 0 1 0 0 1
» . Sightdistance o | 10 0 0o | o 10 | 20
7 |[Roadusers pegestrians o | o 0 10 11 10 o | 31
Cyclists o | o 0 10 1 0 11
Other o "o 0 0 0 0 o | o
[ 8 |ihiing 10 | 10| 10 10 100 20 | 10 | 170
9 Mamtenance/ - ) T : :
_||General Works' _ Surface condition 120 | 21 10. 0 0 0 10. 161
Shoulder condition 0 10 0 0 0 0 o |l 10"
Side slopes 0 0 0 0 0 . 0 0 0
Clearzones ’ 0 0 0 0 ' 0 ‘ 0 0 - 0
Vegetation . 0 1 1 0 o | o 0 2
Guard railing 0 o | o 0 0 0 0 0
, Drainage 100 | "1 0 0 0 0 o |l 101
10 |Maintenance/  ~ _ . _ . - .
signs and ‘Pavement markings 0 10 0 0 0 10 100 120 -
RRPMs 1 o | 1 0 0 0o | 100 | 102
Edge marker posts i0 |0 10 0 0 o | 20
. ~ signs ’ 1 1o 0 o |- o o 1 -
[ 11 |[Road works - 100 | o [ 1001 o [ 100 [ | o | 300 ]
[ T8_J[Others special o T ol o T 1 10 [ 10 "0 | 720 ]
Risk weighting |35 |16 || 11 | 54 70 20 49 || 36




* SAFETY AUDIT ON’EXISTING ROADS PERFORMANCE MEASURES

Rural DistrictjRural District{Rural - District|Rural -District] = |
1 3  dlargeCity2 | Large City 1 | Large City 3 Average] Standach

1 T 2 T 3 1. 4 1T 6 1 7 1 8 1 |Deviation],
Average Risk - ' AR
Weighting 35.043 16.48| 10.529{ 54.111| 70.111 20.2| 49.286 37 22.16
Number of , '
problems : 23 25 17 18 18 15 14 19| 4.04
Safety ' : ,
Performance Index 906 412 79 974 1262 303 690 661
Safety B : - - :
Performance Ratio 0.96 0.45 0.29] 1.48 1.92 0.55 1.35)  1.00|| ~ 0.61

SAFETY AUDIT ON EXISTING ROADS

GRAPH 4 SAFETY PERFORMANCE INDEX
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SAFETY AU‘DIT ON EXISTING ROADS

GRAPH 5 SAFETY PERFORMANCE RATIOS
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Safety Audlt on Exnstmg Roads: Development of Safety Performance Index..
1 East Walkato State Highways -

’L Ref

-

R | Risk | rRw | - Notes
1 Allgnment/ Horizontal ‘
Environment Vertical 4111 | med 10 |EMP req. over vertical curves .
: : Urban/ Rural interface _||429 | low 1 Delineation though tovusb_ips. 70 km/h zones )
’2} Pavement Width - Lanes , T -
Shoulders 4211 [ med | 10
-8 |[Pelineation _ Warning signs 4.2.8.. high .| 100" _|Curve warning.signs .
‘ Information signs B 4;2.10 ow | 1 Passing lane signs
Reglatory: signs . - i ‘
Destination signs .. _ 4212 | low 1 Upgrade
‘ Road name signs
Hazard markings .
,Edge marker posts ; i} :]l g - rrrrl.]icg o0 [old standard layout,, V|S|b|l|ty on type c on wmdy
. 7 1.1, . ahgnments
RRPMs - 43.1 high | 100 |RRPMs for RTB TNZ Policy -
. . Pavement Marking ' ‘
4 L‘?‘l’e""f Sewice Overtaking opportunities
Passing |anes
Property access -
n ' : Speed Limits
5 ||Road Side Hazards ‘ Advertising 423 | low. | . 1 |unauthorised, reflective -
‘ . Clear zones . -
" Drains 422 - | med 10 |deepland drains
Poles/ objects ’ 4
“Banks/ cliffs - o ©
Culverts 424 med | 10 |markorgnr concrete culverts
) . ’ :Bridqe‘s 4.2.6 high" 100  [One lane bndge V|31b|l|ty,s:gns markings
6 I_ntersections» Form‘,f, . . ‘
’ConspicuiL . )
Control 421 “high |. 100 [install control
Trafiic signs ‘
Markings .
Sight dfslance
7 ||Road users Pedestrians.
Cyclists
Other .
[ 8 |fighting Jla23 | meda | 110 JstrategytOJgrade
.9 1[Maintenance / General 4.1.4 med . Patchlng ﬂushmg, seallng of. unsealed sectlons
Works ‘||4.1.6 med’ 120
Surface condition 417 high. "
Shoulder condition
_Side slopes
Clear zones
Vegetation
Guard railing .
) Drainaoe' ‘ 4.1.5 high 100  |blocked drains
10 Mamtenance/ signs and - S
marklngs Pavement markings
RRPMs 44.2: low 1 missing and worn _
S .- Edge marker poSts 4114 | med'|- 10 |damaged, dlrty mlssmg o
' o ‘Signs 7. 427 | dow | 1 |Pw41.3signs
u WLRoad works ”:1.1.3 mh r 100 lpoor signs

[ﬂbthe’rs: special

L

[

]

906

~ |Safety Performance Index
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Safety Audit on Exnstmg Roads: Development of Safety Performance Index..
2 Northland State Highways

[ Ret | misk L RW | Notes
1 |[Alignment/ Horizontal
Environment Vertical 6.2.1 high | 100 |requires no overtaking lines
" edgelines req (low), lighting( low), edge marker
Urban/ Rural interface 16.11.3 low osts in 70 km/h zones(low)
2 Pavement Width 7 Lanes _
' high 101 Narrow sHoulders: high on sh 1F(high), remaining ||"
Shoulders. (narrow) 6.3.1 low highways (Low). Delineate wide shoulders(low)
3 ||Delineation 10 upgrade curve advisory signs (med) Upgrade
Warning signs 6.13.1 med chevrons {low) ,
Information signs
Reglatory signs
Destination signs 65.16 low 1 implement strategy
Road name signs 5.12.4 low 1 implement strategy
Hazard markings 6.14.1 med 10 bridge end markers
Edge marker posts 622 low 1 install extra on vertical curves
RRPMs )
__ _Pavement Marking
4 ||Fevelof Service Overtaking opportunities
Passing lanes
Property access
Speed Limits J[6.18.1 low 1 revise urban areas
5 |[Road Side Hazards Advertising 5.19 med 10 |policy restricting use
Clear zones )
Drains B.6 high 100 |deep side drains
Poles/ objects 6.7.1 med 10 [hazard mark
Banks / cliffs '
Culverts
Bridges
6 |[Intersections
; . - Form
Conspicuity
Control 6.17 low 1 install control on sideroads
2 advance warning signs{Low) RG signs visble
Signs 6 low low, from SH(low) . .
Markings
: Sight distance 6.8 med 10 |restricted by vegitation
- 7 ||Road users . T :
. Pedestrians
Cyclists
. Other
l ] ]Ughtmg . “6.12.5 ] med J 10 . Jupgrade in urban areas ] l
Maintenance / General Surface condition 6.4.1 med high incidence of flushing (med), Poor pavement .
Works 6.4.2 low 21 condition from geotechnical problems(low), Dirty
6.4.3 med sxurface from haulage (low)
Shoulder condition 6.5.1 med 10 |rutting in shoulders
Side slopes
Clear zones
Vegetation 6.3.2 low 1 in'front of signs
Guard railing
Drainage 6.10.1 low 1 vegitation in-drainage ditches
10 |[Maintenance/ signs and ) 10
markings Pavement markings med edge lines Shfted?
RRPMs
Edge marker posts
Signs
[» 11 , Road works ]L l I I ]
| 13 llothers: special I 1 | 1 ]
|Safety Performance Index I 412 |




Safety Audit on Existing Roads: Development of Safety Performance Index..

3 ‘Central Otago State nghways

[ Ret | misk | RW |

1 Alignment/

Harizontal

Notes . . w

||Environment

Vertical

Urban/ Rural interface

low ...

semi urban make urban

2 |[Pavement Width

Lanes

4.1.11

4.1.10

low

“linstall RRPMs on wide sealed shoulders

~3 |{Delineation

Shoulders (narrow)

Warning signs

Information signs

Reglatory signs

Destination signs

4.1.3

low

Road name signs

strategy to upgrade

Hazard markings

4.14

med

10

install Hazard markings and. BEM. on all bridges -

Edge marker posts

415

med

10

Additional req. on vertiacal curves

RRPMs

4.1.1-

low

install RRPMS on low volume highways

Pavement Marking

4" ]lLevel of Service

Overtaking opportunities .

Passing lanes

Property access A
Speed Limits

5 |[Road Side Hazards

Advertising

med

10

Clear zones

Improve controlls in district schemes..

Drains

Poles/ objects

low

mail boxes hazard

Banks / cliffs
Culverts

Bridges

4.1.4

med‘

10

strategy to install g/r

6 |(intersections

Form

413

low

adopt constant |ayot'.\t o intersections -

Conspicuity -

Control

low

install controlf on all side roads” -

Signs .

Markings

Sight distance

7 |[Road users

Pegestrians

Cyclists

Other

. , m@hﬁng

L

l med

9 .|[Maintenance / General

Surface condition

4.2.3

med

| 10

10

frost heave

Works

Shoulder condition

Side slopes

Clear zones

Vegetation

low

remove saplings

Guard railing

Drainage

10 Maintenance/ signs and

markings

Pavementrmarkings
RRPMs )

4.2.2

low

RRPMs, old, worn, missing

Edge marker posts

med-

10

4.2.1

Signs

posts. missing/not:enough

11 IRoad works

Jl4.25

| high

[ 100

|poorly delineated _ l

» 1,3 E)thers:.special

I

|

i

179

J;rategy o upgrade llghtlng ' _ ] ,7

|Safety Performance Index



Safety Audit on Existing Roads: Development of Safety Performance Index..

4 Rodney District

r Ref lRusk[ RW |

Notes

1 )|Alignment/

Horizontal

Environment

Vertical

Urban/ Rura) interface

med: |-~ 10 -

-|{Consistant approach needed

2 ||Pavement Width

Lanes

Shoulders (narrow)

3 |IDelineation

Wérning signs

med
med 20

curve warning signs chevron boards

Information signs

low 1

rest area/ motorists service

Reglatory signs

Destination signs

low 1

install strategy

Road pame signs

med 10

strategy

Hazard markings

Edge marker posts

high

100 .

inconsistant application

RRPMs

Pavement Marking

‘med | 10

consistant std req urban

4 |Level of Service

Overtaking opportunities

Passing lanes

Property access

med 10

adopt standards that will suit traffic growth

- Speed Limits

5.  |[Road Side Hazards

Advertising

Clear zones

6.7

med 10

clear zone policy

Drains

Poles/ objects

6.7,a

med 10

proximity to lanes mark hazards

Banks / cliffs

: Culverts

med 10

delineate or rail

Bridges

6 l[Intersections

Form

Conspicuity

Control

med 10

install on side roads of arterials main road

Signs '

low 1

req. advance warning

Markings

low 1

inconsistant

Sight distance

7 1|Road users

Pedestriane

med 10

urban use, footpaths, bus shelters

Cyclists

Other

Lmedl 10 -

.[centinue urban upgrade

[ 8 |[ighting
9 lIMaintenance 7/ General
Works

Surface condition

Shoulder condition

Side slopes

Clear zones

Vegetation

Guard railing

Drainage

markings

10 |[Maintenance/ signs and

Pavement markings

RRPMs

Edge marker posts

Signs

I 11 ”Road works

|

[ |

:

{ 13 [Others: special -

Hi

G.S(U'rgent[ 750

ladopt safety audits for prd]ects

|Safety Performance Index

-
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Safety ‘Audit on Existing Roads: Development of Safety Performance lndex..

5

Auckland City

[ Ret misk] RW |

Notes

=

Alignment/

Horizontal

Environment

Vertical

Urban/ Rural interface

Pavement Widih

Lanes

‘Shoulders”(@rrow')»

Delineation

Warning signs

5.1.13 med 10

upgrade intensity of keep left signs

Information signs

Reglatory signs

5442 | low | 1.

upgrade size of clear way srgns

Destination signs

mstall strategy.

Road name signs

5.1.4 med 10
51.8 med | 10

upgrade

Hazard markings

51.11. . |urgent| 750

hazard markirigs on poles

Edge marker posts

RRPMs

high |- 100

inconsistant application

Pavement 'Markinq v

med :
med 20

mark c.ls on collector roads,

Investigate lane .

526 -

markings/use’in CBD sites

Level of Service

Overtaking opportunities

Passing lanes

-Property access

Speed Limits

5.1.5 med 10

set approriate limits

Road Side Hazards

Advertising

5114 | high | 100

control as perris 7

Clear zones

Drains

Poles/ %ots

5.1.10 | med 10

Banks / cliffs

Relocate lighting columns when upgrading,

Culverts

Bridqes

Intersections

Form

51.1 med 10

upgrade signals 1o Austroads

Conspicuity :
Control

Signs.

Markings:

Sight distance

Road users

Pedestrians

low 11

5.1.3 med

Ped refuges to Austroads

inconsistant application markings ped crossings, |

Cyclists

5.1.9 med 10

cycle ways for areas near schools

Other

Lghtmg »

5110

| high | 00

Continue upgrade strategy, -

Maintenance / General
Works

Surface condition

Shoulder condition

Side slopes

. Clear zones

Vegetation

Guard railing

_Drainage

10

Maintenance/ signs-and

_|Imarkings

Pavement markings

RRPMs

Edge marker posts

m

Signs

lRoad works

51,6 | nign | 100

rnsure working on the road is met

l 13 !LOthers special
[Safety Performance lndex

H 3(||LL med L 10 jnconsrsfant standards adopfed throuLout crtL] '

| 1262

. . h . [
\ : X R . .



Safety Audit on Existing Roads Development of Safety Performance Index..

6  Manukau City

[ Ret | misk | RW |

Notes

1 |{Alignment7

Horizontal

Environment

Vertical

Urban/ Rural intérface

med

10

revise treatments for urban speed change areas

2 |{Pavement Width

high

100

lane management

Lanes
Shoulders (narrow) .

3 |[Delineation

Warning signs

Information signis

Reglatory signs

Destination signs

3112 | low

install

Road name signs

3.11.1 low

upgrade

Hazard markings

Edge marker posts

RRPMs

Pavement Marking

high

100

4 JiLevel of Service

Overtaking opportunities

upgrade edge lines

Passing lanes

Property access

3.3 med

10

Control development access

Speed Limits

5 |[Road Side Hazards

Advertising

Clear zones

Drains

Poles/ objects

- Banks / cliffs

Culverts ‘

Bridges

6 |]lIntersections

Form

med

3.2 3.6 {med

20

poor roundabouts(med), upgrade signals to
naasra

Conspicuity

Control

8.8 med

10

install side road control on arterials

Signs

Markings

Sight distance

7 |[Road users

" Pedestrians

med

10

reveiw facilities

“Cyclists

low

revise cycle route

8 lﬁghtmg

Other

‘med
med

20

lUpgrade existing, install new..

-9 |[Maintenance’/ General
Works

Surface condition.

Shoulder condition

Side slopes

Clear zones

Vegetation

Guard railing

. Drainage

markings

10 |[Maintenance/ sugns and

med.

10

poor remarks after repairs

Pavement markings
RRPMs

Edge marker posts

Signs

11 ‘Hoad worksr

[ 1

l

US “Others: special

—“ l medi 10 Tdopt CRS measures along route

|l

303

L

~ |Safety Performance Index




Safety Audit on Existing Roads: Development of Safety Performance Index..

7

Chrlstchurch City

-Notes

,ﬁRef | Risk | RW |

Alignment / Horizontal

Environment Vertical

Urban/ Rural interface

[Tavem?nt Width Lanes

Shoulders (narrow)

|
|

Delineation

Warning signs

med
med
med

30

chevrons incorect,(med), PW11 lncorrect(Med)
RG17 incorrect (med)

information signs

Reglatory signs
Destination signs

Road name signs

3.3

med

10

upgrade

Hazardrmarkings

Edge marker posts

RRPMs

Pavement Marking

lf.e vel of Service Overtaking oppor’mﬁiﬁes

Passing lanes

Property access

Speed Limits

Road Side Hazards Advertising

8.6

high

100

Clear zones,

Upgrade district scheme

Drains

Poles/ objects

high

100

hazard mark poles

Banks / cliffs

Culverts

Bridges

Intersections

Form

3.1 3.2

" high
med

high

210

threshold colour same as fbotpath (priority) -
Upgrade signals'to NAASRA(med) Upgrade
phasmg(med)

Conspicuity

Control

B.12

med

10

install side road on arterials

Signs

Markings

Sight distance .

B.7

med

10

parking limits visibility.

Road usgrs Pedestrians

’ Cyclists

Other

L®

‘thg

- med

- 10

) frequnred on isolated sectnons

9.

Maintenance / General

Surface condition
Works ) )

3.4

med

10

crack seallng

Shoulder condition.
Side slopes '

Clear zones

Vegetation

Guard railing

.Drainage

10

Maintenance/ signs and
Pavement markings

3.4

high

100

poor maintenance

markings
’ RRPMs .

B.4

high

100-

Edge marker posts

poor maintenance:

Signs

[‘11

HRpad works .

‘l13

!LOthers: special

|Safety Performance Index
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Ide ite”

SAFETY AUDIT ON EXISTING ROADS

AVERAGE RISK WEIGHTINGS

Risk value

10 100

1000

Horizontal

Vertical

Urban/ Rural interface :
Lanes

Shoulders
Warning signs
Information signs
Destination signs
Road name signs
Hazard markings
Edge marker posts
RRPMs

Pavement Marking
Overtaking opportunities
Passing lanes
Property access
Speed Limits
Advertising

Clear zones
Drains

Poles/ objects
Banks / cliffs
Culveris

Bridges

Form

Conspicuity -
Control

Traffic signs
Markings

Sight distance
Pedestrians
Cyclists

Other

lighting

Surface condition
Shoulder condition
Side slopes

Clear zones
Vegetation

Guard railing
Drainage
Pavement markings
' RRPMs
Edge marker posts.
Signs

Road works
Others: special-




[National Results

[Christchurch

"Jtotalitems | TotalRW | Av.RW [ RW ]
Horizontal alignment ' 0 0. ERR 0
Vertical alignmént 2 110 .55 0
Urban/ Rural interface 5 23 5 0
Lanes width 1 100 100 0
Shoulders width 4 112 28 0
Warning signs 8 170 21 30
Information signs 3 2 1 )
Regulatory signs 0 0 ERR
Destination signs 6 15 3 0
Road name signs 5 a2 6 10
Hazard markings 3 770 257 . 0
Edge marker posts 5 131 . 26 - -0
RRPMs 3 201 67 . 0
Pavement Marking 4 130 - 33- 0
Overtaking opportunities 0 ERR_ 0
Passing lanes : 0 - ERR - -0
Property access 2 20 10 . 0
Speed Limits 2 11 6 0
Advertising 5 221 44 100
Clear zones 1 10. 10 0
Drains 2 . 110  55 )
Poles/ objects 5 131 26 100
Banks / dliffs 0 0 . ERR’
Culverts 2 20 10 ..
Bridges 2 110 55
Etersect. Form 6 241 40 210
intersect. Conspicuity 0 0 ERR 0
intersect. Control 132 22 10
Intersect signs 3. 3 1
Intersect. Markings 1 0
Intersect, Sight distance _ 2 20- 10 10
Pedestrians 31 8
Cyclists ;11‘ 6
llother 0 _ERR 0
thtinq 8 170 21 : I 10 4|
Surface condition 8 161 20 10
Shoulder condition 1 10 10 0
Side slopes maint 0 0 ERR 0 -
Clear zonés 0 0 ERR 0.
Vegetation 2 2 1 0
Guard railing 0 0 ERR -0
Drainage 2 101 51 0
Pavement markings maint 3 120 40 ,160
RRPMs maint 3 102- - 34 100 -
Edge marker posts maint 2 120 10 0
Signs maint 1 1 1 0
Road works ' 3 300 100 [l o |
lother l 3 770 257 | o
[Average [ 13 36 36 | 49 ]




Identified item

o.1

Christchurch:

Safety Risk Weighﬁngs Cbmpérriéon with National Results

1

Risk weighting

10

1000

Horizontal alignment —

T T T

T T

Vertical alignment
Urban/ Rural interface

Lanes width

Shoulders width

Warning signs

Information signs
Regulatory signs

Destination signs
Road name signs

Hazard markings

Edge marker posts
"RRPMs

Pavement Marking
Overtaking opportunities
Passing lanes

Property access

Speed Limits

Advertising

Clear zones

Drains

Poles/ objects

Banks / cliffs

Culverts [ETEETIEITITIT

Bridges

)

intersect. Form

intersect. Conspicuity
intersect. Control

Intersect signs
Intersect. Markings
Intersect. Sight distance

Pedestrians’

. Cyclists

Other —

Lighting

Surface condition

Shoulder condition

Side slopes maint —

Clear zones F

Vegetation [

Guard railing

-Drainage

Pavement markings maint

L S s o e T e h

RRPMs maint

Edge marker posts maint
Signs maint

Road works [ESiiiiEas

other
Average

]

T

1 National Results D Christchurch !

§




[National Results .

~ |Manukau |

=

]

[ total items | Total RW~ lA Av.RW | RW

Horizontal alignment 0 0 , ERR. 0
Vertical alignment 2 110 . 55
Urban/ Rural interface 5 23 -5 10
Lanes width 1 100 100 100
Shoulders width 4 112 28 0
Warning signs 8 170 21 0
|linformation signs 3 2 1 S 0-
Regulatory signs 0 . 0 - ERR 0
Destination signs 6 15 3 1
Road name signs 5 32 K i
Hazard markings 3 770 257 - . .0
Edge marker posts - 5 131" 26 - 0
BRPMs 3 201 67 0
Pavement Marking 4 130 33 100 "
Overtaking opportunities 0 ERR:
Passing lanes 0 ERR
Property access 2 20 - 10 10
Speed Limits 2 1 6 0
Advertising 5 221 44 0
Clear zones 10 10 0
Drains 2 110 .55 0.
Poles/ objects - 5 131 26 0
Banks / cliffs 0 0 ERR 0
Culverts 2 20 10 0 -
Bridges 2 110 55 0
intersect. Form 6 241 40 20
intersect. Conspicuity 0 0 - ERR 0
intersect. Control 132 22 10
Intersect signs 3 3 . 1
Intersect. Markings 1 ) 1
Intersect. Sight distance 2 20 10
Pedestrians 31 8 10
Cyclists 11 6
Other 0 ERR - 0
Lighting 8 170 21 .20
Surface condition 8 161 20 0
Shoulder condition 1 10 10 o0
Side slopes maint 0 0 ERR 0.
Clear zones 0 0 ERR 0
Vegetation 2 2 1 0
Guard railing 0 0 ERR 0
Drainage 2 101 51 0
Pavement markings maint 3 120 40 10
RRPMs maint 3 102 34 0
Edge marker posts maint 2 20 10 0
Signs maint ' 1 1 1 .
Road works | 3 300 100 i 0 |
other I 3 770 257 l 10 I
|[Average | 18 36 36 | 20 |



Horizontal alignment
Vertical alignment
Urban/ Rural interface
Lanes width
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Warning signs
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Regulatory signs
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Road name signs
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Edge marker posts
RRPMs

Pavement Marking
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Culverts
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intersect. Form
intersect. Conspicuity
intersect. Control

|dentified item

Intersect signs

Intersect. Sight distance
Pedestrians
Cyclists

Lighting
Surface condition
Shoulder condition

Guard railing

Drainage

Pavement markings maint
RRPMs maint

~ 'Edge marker posts maint

Road works

Average
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[National Results

l|Auckland |
[ total items | Total RW | Av. RW | RW ]
||Horizontal alignment 0 o ERR . 0.
Vertical alignment 2 110 55 0
Urban/ Rural interface 5 23 5 - 0
Lanes width ' 1 100 - 100 0
Shoulders width 4 112 .28 0
Warning signs 8 170 21 10
Information signs . 3 2 1 0
Regulatory signs 0 . 0. - . EBRR 1
Destination signs 6 . .15 10
Road name signs 5 32 10 7
Hazard markings 3 770 257 750
Edge marker posts 5 0
EEE 3 201 57 —100
Pavement Marking 4 130 33 20
Overtaking opportunities 0 ERR
Passing lanes . 0 . ERR
Propeﬁy access 2 20 10
Speed Limits | 2 11 6 10
Advertising 5 221 a4 . 100
Clear zones 1 10 10 o
Drains 2 110 55 ‘
Poles/ objects | 5 131 26 ... 10 .
Banks / cliffs 0 L0 ERR
Culvers 2 20 10
Bridges 2 10 55
intersect. Form 6 241. 40 15 . 10
intersect. Conspicuity 0 ERR v
intersect. Control 132 22
Intersect signs 3 3 1
Intersect. Markings 1 1 1
Intersect. Sight distance 2 20 10
Pedestrians 31 8 ] ﬁ
Cyclists 11 6 . .10
Other 0. ERR o
Lighting 8 170 21 100
Surface condition 8 161 20 0
|Ishoulder condition 1 10 10 0
Sid'e‘slopes maint 0. 0 ERR. - 0
Clear zones 0 0 - ERR 0 -
Vegetation 2 2 1 0
Guard railing 0 "0 ERR 0
Drainage 2 101 51 0
Pavement markings maint 3 120 40 0
RRPMs maint '3 102 34 0-
Edge marker posts rﬁaint 2 20 - 10 0
|Signs maint 1 1 1 -0 -
Road works | 3 300 100 L 100 |
lother | 3 770 257 | 10 |
|Average [ .. 13 36 36 1 70 |
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Cyclists

Other

Lighting

Surface condition

Shoulder condition
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Drainage

Pavement markings maint
RRPMs maint

Edge marker posts maint |
Signs maint
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. other

Average
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JINatlonaI Results lﬁdney ]
ik total |tems I “Total RW T Av. RW 1T RW ]
Horizontal alignment 0 0 ERR L

: Vertical alignment- 2 110 .55 °
Urban/ Rural irterface 5 23 5 10
Lanes width - 1 100 100

|lshoulders width 4 112 28 0
Warning signs 8 170 21 20
lnfdfmation signs 3 2 - 1 1
Rég@latow signs "0 0 -ERR 0

y D,estinétion signs 6. 15 3 R
Road name signs 5 32 6 ‘ 10 -

- |Hazard markings- ] 3 ) 770 - 257 .0
Edge marker posts 5 131 26 100
RRPMs 3 ~201 67 0.

- [Pavement Marking 4 130 33 10
Overtakmg oppor’tumtles 0 ERR
Passmg lanes 0 ERR
Property access 2 20 ) 10 10
Speed Limits 2 11 6
Advertising 5 221 44 0
Clear zones 1 . 10 10 10 .
Drains 2 110 55 0
Poles/ objects 5 131 26 10
Banks 7 cliffs 0 0 ERR 0
Culverts 2 20 . -0 » 10
Bridges 2 110 55 0
intersect. Form 6 241 40
intersect. Conspicuity 0 0 "ERR
intersect. Control 132 22 10
Intersect signs 3 3 1. 1
lntérsect. Markings 1 1
Intersect. Sight distance 2 20° 10 0
Pedestrians 31 8 10
Cyclists 11 6
Other 0 ERR
Lighting 8 170 21 10.
Surface condition 8 161 20 0 »

"Ishoulder condition 1 10 10 . 0
Side slopes maint 0 ERR 0

v Clear zones 0 ) .ERR 0
Vegetation 2 1 -~ 0
Guard railing [} 0 ERR 0
Draitiage 2 101 51 0
Pavement markings maint 3 120 40 0
RRPMs maint 3 102 34 0.
Edge marker posts maint 2 20 .10 - -0
Signs maint 1 1 1 0
Road works | 3 300 100 1 0 |
lother | 3 770 257 | 750 .
[Average [ 13 36 36 [ 54 ]
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‘Other

Lighting

Surface condition
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Clear zones
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RRPMs maint
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Average
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|National Results

|Cent. Otagd

i | total items | Total R v. R | . RW |
Horizontal alignment 0 ' 0 ERR 0
Vertical alignment 2 110 55 0
Urban/ Rural interface 5 23 5 1
Lanes width 1 100 100 0
Shoulders width 4 112 28 1
Warning signs 8 170 21 0
Information signs 3 2 1 0
Regulatory signs 0 0 ERR 0
Destination sig.n.si 8 15 3 1
Road name signs 5 32 ) 0
Hazard markings 3 770 257 10
Edge marker posts 5 131 26 10
RRPMs 3 -201 - 67 1
Pavement Marking 4 130 -33 0
QOvertaking opportunities 0 0 ERR .0
Passing lanes 0’ 0’ ERR 0o
Property access 2 ‘20 ‘ 10 - 0
Speed Limits 2 11 6 0
Advertising 5 221 44 10
Clear zones 1 .10 10 0
Drains_ 2 110 55 0.
Poles/ objects 5 131 26 1
Banks / cliffs 0 0 ERR 0
Culverts 2 20 10 -0
Bridges _ 2 110 55 10
intersect. Form 6 241 40.

intersect. Conspicuity 0 ERR 0
intersect. Control 132 22 1
Intersect _signs 3 3 1 0
|Intersect. Markings 1 1 1

!Intersect. Sight distance 2 20 10 0
Pedestrians 31 8

Cyclists 11 6

Other 0 ERR

Lighting 8 170 21, 10
Surface condition 8 161 20 10
Shoulder condition 1. 10 - 10 0
Side slopes maint 0 ERR 0
Clear zones 0 ERR Y]
Vegetation 2 1 1
Guard railing 0 0 ERR. 0
Drainage 2 101 51 0
Pavement markings maint 3 120 40 0
RRPMs maint 3 102 34

Edge marker posts maint - 2 20 4 10 10
Signs maint 1 1 1 0
Road works | 3, | 300 100 | 100 |
lother | s | o 257 | o |
|Average | 130 [ 36 36 I 11 |




Safety Risk Weightings Comparrison with National Results
: ) Cent. Otago
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Clear zones —

Vegetation P

Guard railing —
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* other
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Wational Results

[Northiand |

l

| total items | Total RW |

Av.BRW | RW

Horizontal alignment 0 0 ERR ’ 0
Vertical alignment 2 110 . 55 0
Urban/ Rural interface 5 23 5 1
Lanes width 1 100 100 0
Shoulders width 4 112 28 1
Warning signs 8 170 21 0
Information signs 3 . 2 1- 0
Regulatory signs 0 0 ERR 0
DestinatiOn&signs 6 15 3 1
-IRoad name signs 5 32 6 0
Hazard markings 3 770 257 10
Edge marker posts 5 131 26 10
RRPMs 3 201 67 1
Pavement Marking 4 130 __ 33 0
Overtaking opportunities 0 0 ERR 0
Passing lanes 0 0 ERR 0
Property access 2 20 10 0
Speed Limits 2 11 6 0
Advertising 5 221 44 10
Clear zones 1 10 10 0
Drains 2 110 55 Q
Poles/ objects 5 131 26 1
Banks / cliffs 0 0. ‘ERR. . 0
Culverts 2 20 10 0
Bridges 2 110 55 10
intersect. Form 6 . 241 40 | 1
intersect. Conspicuity 0 » ERR E ' 0
intersecf. Control 1 32 22
Intersect signs 3 3 1
Intersect. Markings 1 1 1
Intersect. Sight distance 2 20 10
Pedestrians 4 31 8
Cyclists 11 6
Other ¢} 0 ERR
Lighting 8 170 21 10
Surface condition 8 161 20 : 10
Stioulder condition 1 10 10 ' 0.
Side slopes maint 0 ERR .0
Clear zones 0 ERR - .0
Vegetation ‘ 2 1 1
Guard railing 0 "ERR 0
Drainage ' 2 101 51 : 0
Pavement markings maint 3 120 . . 40 0
RRPMs maint 3 102 34 1
Edge marker posts maint 2 20 10 .10
Signs maint 1 1 1 ' 0
Road works L 3 300 100 l 100 |
lother l 3 770 257 | 0 I8
[Average [ 130 36 36 I 16 !

~
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IFW aikato. |

‘! ’ -

|National Results_ ,
total items [ Total RW [ Av.RW ‘| RW |
Hotizontal alignment 0 0 - ERR 0
Vertical alignment 2 110 55 10
UrBan/ Rural interface 5 23 5
Lanes width 1 100 100 0
Shouiders width 4 112 28 10
Warning signs ‘8 170 21 100
Information signs 3 2 1 1
Regulatory signs 0 0 ERR -0
Destination signs 6 ‘15 3 1!
Road name signs 5 32 6 0-
Hazard markings 3 770 257 )
Edge marker posts 5 131 26 20
RRPMs 3 207 &7 — 00"
Pavement Marking 4 130 . 33 0
Oveértaking opportunities 0 0 ERR 0
Passing lanes 0 0 ERR’ 0
Property access 2 20 10 0
Speed. Limits 2 11 6 0
{iAdvertising 5 221 44 ‘1
Clear zones 1 10 10 0
Drains 7 2 110 55_ 10
Poles/ objects 5 131 26 0
Banks / cliffs 0 0 ERR__ 0
Culverts 2 20 1o 10
Bridges 2 110" 55 100
intersect. Form 6 241 40 0
intersect. Conspicuity 0 ERR 0
intersect. Control 1 32 22 100
Intersect signs 3 3 1
ln}tersec"c. Markings 1 1 1
Intersect. Sight distance 2 20 10
Pedestrians 31 8
Cyclists N 6
Other 0o ERR
Lighting 8. 170 21 10
Surface condition 8 161 20 120
Shoulder condition 1 10 . 10 0
Side slopes maint 0 ERR - .0
Clear zones 0 ERR 0
Vegetation 2 N .0
Guard railing 0 0 ERR 0
Drainage 2 - 101 51 100
Pavement markings maint 3 120 40 -0
RRPMs maint 3 102 34
Edge marker posts maint 2 20 - 10 10
Signs maint 1 1 v 1 1‘ -
Road works | 3 300 100 | 100 ]
|other | .3 770 257 - . | 0
|Average | 13 36 36 | 35. |

)
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Development of Performance Measures for Safety Audits on

Existing Roads : Discussion Document -1

Procedures to determine Safety performance measures for

Safety Audits on Existing R'oads

Safety performance measures for safety audits on existing roads are intended for use on the 3

* day road controlling authority audits undertaken by Transfund New Zealand Review and Audit

Division. They are not.calibrated to be used on any other safety audit. The Safety Performance
Index should not be applied to sections, lengths or urban and rural splits within a safety audit.
The Safety Performance Index is calculated as follows: :

1. - Complete the attached worksheet “Safety Audits on Existing Roads : Risk Weighting,
Calculation Sheet”.

Please note the following when completing the worksheet.

a) More than one problem may be recorded for each item on the worksheet list. For
example, there may be two or more problems relating to warning 51gns, each
occurrence should be recorded.

b) Record only general problems identified in the Safety Audit Report. Care should
be taken that problems rather than the recommendations are identified.

c) Provide a cross reference to the report from each item on the worksheet.
d) Risk levels are determined in the safety audit report as per the method defined

in “Safety Audit of Existing Roads, Draft Procedures”, Feb 1996 Appendix III :
Risk Level Assessment for Inappropriate Standards.

e) Provide short reference notes, defining problem, or recommendation.
2. Allocate a risk weighting for each item on the worksheet using the following table:
Risk . Low | Medium ~ High Urgent
Risk Weighting (RW) -1 10 100 , 750

If more than one safety problem is identified per item (as described in 1a) calculate the
additional risk score as appropriate ie. 2 x medium = 20 points. .
Sum the number of problems identified and the risk wieghtings (Y RW) at the base of the -

worksheet.

3.~ Calculate the safety perfbrmance index SPI as follows:

5PC3‘1 9.00:2PC\DISANN.DOC\February 1997
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Development of Performanee Measures for Safety Audlts on .
E)(lstmg Roads : Dlscussmn Document . . U _ 2

SPI=[Y. RWL.E .

Exposure E is the amount of time an audit team is exposed toa road Exposure is to be '
‘taken as E= 1.00 for Transfund New Zealand safety audits on existing roads. Further ‘
exposures may be determined for urban/rural splits or shorter audit perrods as the.
database of safety audit reports increases. ;

The Safety Performance Index is a score from which a road controlling aﬁthority' can
monitor its performance on successive audits or against national results and trends.

4. -Calculate the Safety Performance ratio. as follows:
cp _SPL
675

SPR values above 1.00 indicate a ‘poore.r than average performance. Values less than
1.00 indicate a better than average performance.« : '

- The safety performance ratio is a method of drrectly gauging the performance ofa road
controlling authority against other authorities that have been audited.

5. The following cautionary notes should be considered in applying these performance
measures: - :

a) The identification of problems and assessment of risk for each audit is subject to -
the personal opinions and experience of individual safety audit teams. The -
teams vary from safety audit to safety audit. Thus the assessment of problems
and risk may not be consistent from report to report.

b) The initial sample size of seven reports is small, a larger number of reports will
enable more accurate results to be determined. However, the safety performance
ratios will always be expressed in terms of 1.00 being the average value and
results for safety performance index will be monitored and published annually:

5PC319.00\2PC\DISANN.DOC\February 1997
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Development of Performance Measures for Safety Audits on
Existing Roads : Dlscussmn Document

6. Please provide feed back on the use of the Safety Performénce Index sheets to:
Dr Ian Appleton
Transfund NZ
Wellington

The process will be revised to include a larger database as reports become available.

5PC319.00\2PC\DISANN.DOC\February 1997 ’ 17



Safety Audit on Ex

isting Roads: Risk Weighting Calculation Sheet

~Authority: - : Date
) | Reference l Risk Level | Risk Weighting I . -Notes l
1 |fAlignment/ Horizontal. ) '
Environment Vertical

Urban/ Rural interface

2 - |[Pavement Width :
Lanes
Shoulders

3 |[Delineation

Warning signs

Information signs

Reglatory signs

Destination signs

Road name signs

Hazard markinae
riaddiG marnsiiigs

Edge marker posts

RRPMs

Pavemént Marking

4 |[Level of Service

Overtaking opportunities

Passing lanes

Property access

Speed Limits

5 |[Road Side Hazards

Advertising

Clear zones

Drains

Poles/ objects

Banks / cliffs

Culverts

6 lntersecﬁons

Bridges
Form

.Conspicuity

Control

Traffic signs

Markings

Sicxht distance

7 |[Road users

Pedestrians

Cyclists

Other

| 8 Hﬁghimg

9 - |[Maintenance / General
Works

Surface condition

Shoulder condition

Side slopes
Clear zones

Ve_getation

Guard railing

Drainage

10 [Malntenance/ signs and
markings .

Pavement markings

RRPMs

Edge marker posts

Signs

] 11 [Road works

'Others: special

I Total Risk

Weighting (RW)

n R R
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DEVELOPMENT OF A SAFETY PERF OR'VIA\ICE INDEX FOR SL\FETY AUDITS I‘\I
EXISTING ROADS - REVIEW

REVIEW OF THE DICUSSION DOCUMENT FOR
DEVELOPMENT OF A SAFETY PERFORMANCE INDEX
FOR SAFETY AUDITS IN EXISTING ROADS

25 July 1997

1  Brief

A review was requested with particular reference to the weighting process for the Safety
Performance Index (SPI) recommended in the Discussion Document, February 1997.
From previous discussions a concern had been expressed that the urgent category risk
levels conld have an overwhelming atfect on the SPI out of proportion to their true
social cost. Therc is also the possibility that in promulgating a SPI, the performance of
a road controlling authority may be unjustifiably rated lower or higher if the weightings
contain bias, and that an inappropriate allocation of funding of safety remedial- works
ray result. Our review to the Discussion Document has been outlined below, with a
summary of our conclusions provided at the end of this report.

2 The Proposed Safety Performance Index

The SP1 is based on the weighted sum of the safety problems identified in a safety audit
report multiplied by an assessed level of risk attributed to each problem. This is further

~weighted by a measure of effort applied to the audit, defined as the amount of time spent
- on it, described as the “exposure” of the area covered in the auditto efforts of the audit

team.

2.1 The Risk Weighting

The nsk associated with a safety problem is gmded into four levels - low, medlum h1
and urgent. The gradings are defined by a combination of the severity of the outcome

'should a crash occur (hazard severity) and the probability of occumrence (hazard

probability). Essentially this-is a form of “expected value” of the safety costs of the
problem. .- Combinations of hazard probability and severity should give a similar
expected cost if the grading is to be consistent. Then there is the question of whether

SDH77R03.0OC Beca Carter Hollinigs & Ferner Ltd ’ Pa
- 3600000/10101 ’
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UND. - P.D24./98

the grading scale is linear - are the increments from low to urgent in equal steps ? -

22 Hazard Pgobabiﬁty'scaie

The frequency defining hazard nmh abi 1. ‘is exnreqeed as “likely to occur within a time: -

period” (1 year, 5 years, 10 years) or o nterva] between occurrences" (7 to 10 years)

- or “unlikely ever to be experienced”. Thls presents a rather strange mixed scale. It can
be reduced to a probabilities as follows 11‘ we mtcrpret likelihood as a greater than *O%
probability of occurrence:

» frequent: >50% probability of < 1 year interval between occurrences

= probable: >50% probamhty of < 5 year interval, but not >50% probability of -

< | year interval
» occasional: >50% probablhty of <10 year interval but not > 50% probablhty
- of < 5 year interval ~ : :
» remote: return period of between 7 and 10 years - say 8.5 expcc*ed return
B "pe!‘lod but not >50% probability of <10 year interval
. improbable: return period greater thian 10 years - undefined.

The actual crobablhty distribution of occurrences of the.safety ‘problem will obviously

affect. the interpretation of this scale. - The distinction between occasional and remore

- appears questionable - once in 20 or 25 years would scem Lo be more- in ke°mnc WJth
 the scale. : :

Ji; would be preferable to use 2 scale which could be more prcmscly related to thc cmsh
_ h1story of [he sne or problem being treated

. ,_2.3' "Hazard S;everity Scaie |

Thc severity - scale can slmﬂarly be mterprcted in numerical  terms, usmc the- PEM "

acc:dent costs

’ Catastror)hic- multiple fatalities. There is data to identify the number of
fatalitjes and other irjuries which oceur on average for a multiple farality. For

catastrophic that is /50% probablhty of an acudcnt cost of $4.0 rrnlhon or o

grealer

e Critical - likely to cause a fatality A >50% probability of a cost of 32 million or.
~ more’but not as much as catastrophic.

s Maror - could possibly cause a fatality. & <50% probablhty of a cost of $2

million or -more but a >50% % probability ‘of a cost of $0.25 -million (serious -

injury).

SDH77R03.DOC Beca C:;ﬂ:r Hollings & Ferner Ltd : o Page 2 '
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DEVELOPMENT OF A SAFETY PERFORMANCE INDE‘{ FOR SAFETY AUDITS IN..
EXISTING ROADS - REVIEW

o Minor - a < 50% probability of a cost of > $0.25 million |

s Negligible - a << 50% probability of a cost of > $0.25 million

P.3%5/28

A more basic concern with the hazard severity scale lies in the way the ratings are

described. There is the set of conditions which give rise to the crash, and then there is
the severity outcome. For example, if a safety problem is likely to lead to vehicles
losing control and leaving the road, then there is a probability distribution of injury
severity associated with this form of crash. In particular, it will be very difficult to
distinguish between situations likely to cause multiple fatalities compared with those

likely to cause a single fatality - this is more likely a- Tesult of the number of vehicle ~ ~

occupants and chance. The way in which “likely” is mtcrpreted could ‘show wide
variation. Tt is also unclear whether safety auditors may be inclined raise the severity

rating in response to the number of crashes - multiple fatalities from several crashes or

multiple fatalities from a single crash.

We think that the wording of this scale should be reviewed with the aim of giving a
clear gradation of severity in terms of social cost (an approximate ratio of 100:10:1
between faral, serious and minor injury). It may be necessary to change the
“catastrophic” category to “will most probably cause fatalities” rather than refer to
multiple fatalities at all, and also to put some numeric probabilities alongside the written
descriptions.

2.4 Cost Matrix

If we form a crude cost matrix from the above, using assumed centre values for each
classification, we get the following table of expected value of cost per year.

‘Expected Value of Crash Costs

Scverity Probatility - mean number per year
Freguent Probuble Ocuasional Remote Improbable
27 0,32 0.17 0.12 002"J o
Catastrophic, §5i4 i G : R QL
Critical 33
Major Sl
Minar $0.1M

Negligible $5.01M

Ranaz - Mean Rutio % Intcrval
L rgent 10 10 3333 6.6
Figh 0.2-6 1.5 ' 500 15
Medium ) ] 0.003%-0.:28 0.1 33 33
Low i 0.0002-0.12 0.00% 1

The values within each shaded rcgion should be broadly similar if the cost and
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: frequencv weightings ave correctly identified. The scale is clearly non-lincar, but is not
geometric or logarithmic either as the mu]mphcama intervals show.

- On this basis, the categories should perhaps be redefined as shown below:

Proposed Revised Risk Categories

Scverity ' Probability - mcan number per year
Frequent | . Probable | Occasional’ Remote Improbable
: s . 27 0.33. . - - 0.17 - 0.12 Al 0.027
‘Catastrophic, 35M e % T
sitical . S3M
Major. ~~ SIM
" { Minor < 80.IM Ly 0. i 0.033 0.017 Q.01 K
Nealizole __S0.01M | 0.02 T 2 e s
' Range Mean - x Interval -
Urgent S >$85m 7.5 5.7
“High ‘ ] $0.5-5.0m 1.3 65
Medium &0.1-0.5m 0.2 8
Low $0.01-0.1m . - 0025 15
Nesligible v 07 < s0.0im 0.0017

A more detailed and careful analysis would be needed to firm up on a new
classification, but it does seem as though the proposed risk categories need revicw. The

“hazard probability and hazard descrlptlom probably should also be more closely
defined.

The discussion document tested risk weightings of various scales trom 1/2/57 10 (A)to
~ 1/10/100/1000 (G). The above analysis indicates that ranking G, 1/10/100/1000 should
provide the closer fit to social costs as defined by the value of statistical life currently in

use as there is a factor of 1000 in the difference in social costs between the high and low -

catwory However, the scale as suggested is in need of some refinement.

2.5 Exposure

Exposure has a very clear and widely understood definition in safety analysis. We do
not see the need to cloud the issue with using the term in this other context. Another
description such as “audit effort” or “audit intensity” could be considered. "As the
exposure weighting is not actually used, it is difficult to judge whether it is worthwhile.

“With diminishing returns, it may be thought that the benefits of safcty audits would

progressively reduce as safety problems are ehmmated This. effect does not seem to be" -

anticipated in the discussion paper.
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2.6 Traffic Volume Effects and SPY

On Page 12 of the discussion paper, it is noted that the procedure does not take account
of traffic volume. That is, the urgency of a safety problem is rclated to the risk of

occurrence and severity of a particular type of problem but is not necessarily weighted to.

reflect the higher exposure on higher volume roads.

This seems extraordinary. The method should take account of the traffic volume in the
hazard probabilily or be amended to do so.

277 Terrain and Othei- Geographical Differences

We do not see why this should be a problem if the traffic volume effects are taken into
account. Where severily outcomes vary with terrain or other road features, then this
should surely be reflected in the hazard severity or probability ratings.

3 Lonclusions

A general conclusion is that there is quite a high degree of subjectivity in the process of
developing a SPI as described, and that some of this could be minimised if definitions
are tightened up and there is less room for varying interpretation. At prcsent we do not
feel that sufficient confidence can be put in the method for it to be used as a guide in
comparing road controiling authorities or allocating resources to safety improvements.

Specific conclusions to the discussion document are:

1. The hazard severity scale needs to be more clearly defined;

L8]

probability of occurrence; the remote probability category should be reconsidercd;

3. The cross-classification of the four severities Urgent, High, Medium and Low should
be reconsidered,;

4, Scale G, 1/10/100/1000 is probably of the right order but the interval costs nced to be
matched more carefully with the cell ranges of expected value in the cross-
classification. Scale F probably does not have a wide enough spread and the other
scales should have been non-starters.

5. A fifth catcgory, Negligible or Very Low could possibly be added.
6. The term “exposure” should not be used in the context described in the paper

7. Traffic volume or other appropriate safety exposure weightings should be
incorporated into the index, most likely through the hazard probability rating.
Guidelines should allow for this, as this will be helpful in distinguishing between
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- urban and rural councils.

8. There arc some ramification of this process that are of great concerns. It is assumed
that Transfund would use this procedure to assess how well it is spending its money
on the current roading asset. The process could result in a-Council being unfairly
rated poorly comnpared to other Councils by an audit team, due to only auditing a -

“ small section of the Council’s roading network. This process could also reflect badly
on the performance of the Council’s officer in change of Roading,where it is not
warrented. ‘Thesubjectivety of this process need to be limited for the process to be -
effected as a tool for compare Council roading networks.

9. As a final comment the discussion document does not take into account good
practices undertaken by a Council. The procedures should give credit to a pro-active
Council. ’
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